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Introduction 39
The rich toolbox of techniques available to manipulate gene expression in C. elegans is a 40 major attraction of this model organism. Several approaches have been developed to introduce 41 transgenes and to induce efficient CRISPR/Cas9 mediated gene editing (Nance and Frøkjaer-42
Jensen, 2019). The Mos1-mediated Single-Copy Insertion (MosSCI) method has been widely 43 adopted to introduce transgenes in C. elegans because single-copy transgenes are integrated at Transgenes typically include multiple genetic elements including a promoter, one or more 50 gene fragments and a 3'UTR. A number of strategies can be used to assemble these elements 51 together including traditional restriction enzyme cloning, Gateway cloning (Hartley et al., 2000) , However, Gateway cloning can be expensive due to the required use of proprietary enzyme 57 mixes and leaves ~25 base pair att recombination site "scars" at each cassette junction. In 58 contrast, Gibson cloning allows the efficient, "scar-free" assembly of multiple gene fragments 59 but does not allow the "mix and match" cloning of existing cassettes, making this approach 60 laborious if many constructs are needed.
Schwartz and Jorgensen recently developed the SapTrap method for efficient, modular 62 and single step assembly of CRISPR/Cas9 vectors for C. elegans (Schwartz and Jorgensen, 63 2016). The SapTrap method is based on the Golden Gate cloning technique (Engler et al., 2008) 64 and takes advantage of the SapI type II restriction enzyme, which cuts DNA at defined positions 65 adjacent to its recognition sequence to generate three-base 5' overhangs. By designing SapI 66 restriction fragments with complementary overhangs, multiple fragments can be assembled 67 together in a defined order in a single digestion and ligation reaction. In this study, we report on 68 the adaptation of the SapTrap system for the efficient, inexpensive, modular, and "scar-free" 69 assembly of transgenes in a MosSCI targeting vector. We have developed a toolkit for 70 expression of transgenes in the C. elegans germline, including a collection of cassettes 71 containing tags for fluorescence imaging and for the ePDZ/LOV optogenetic system (Fielmich et 72 al., 2018; Strickland et al., 2012) . As a proof of principle, we have used this system to generate a 73 collection of mitochondrial and endoplasmic reticulum reporter strains and a strain in which light 74 induces the transport of mitochondria to centrosomes in the one-cell worm embryo. 75
76

Results and Discussion 77
Adaptation of the SapTrap system for cloning MosSCI targeting vectors 78
To adapt the SapTrap approach (Schwartz and Jorgensen, 2016) for the assembly of 79
MosSCI targeting vectors, we started by making two changes to the universal MosSCI targeting 80 vector pCFJ350 (Frøkjaer-Jensen et al., 2012), which targets transgenes for insertion at the 81 commonly used ttTi5605 site (Frøkjaer-Jensen et al., 2008). First, we introduced single base pair 82 changes to disrupt the two SapI restriction sites located in the "Left" and "Right" homology arms 83 of pCFJ350. Second, we inserted two SapI sites into the multiple cloning site that were oriented 84 such that they are removed from the vector backbone by digestion with SapI. The resulting 85
MosSCI targeting vector was named pXF87 ( Figure 1A) . 86
87
We next cloned a series of plasmids that contain donor cassettes flanked by SapI 88 restrictions sites ( Figure 1B ). Following digestion with SapI, the cassettes are liberated from the 89 vector backbone and are flanked by 5' overhangs that direct their order of assembly in pXF87 90 ( Figure 1C) . A four-insert cassette system was designed with a promoter in cassette 1, gene 91 fragments in cassettes 2 and 3 (typically a gene and a tag) and a 3'UTR in cassette 4. To 92 minimize the inclusion of extraneous sequences, the junctions between the first and second 93 cassette is the translation start (ATG), between second and third cassettes is glycine (GGT) and 94 between the third and fourth cassettes is the ochre translation stop codon (TAA) ( Figure 1C ). 95
Donor cassettes encoding tags (such as fluorescent proteins) include short flexible linkers at the 96 protein fusion site (the carboxy terminus of cassette 2 and the amino terminus of cassette 3) 97 (Supplemental Figure S1 -S7). The currently available promoter, tag and 3'UTR donor cassette 98 plasmids are listed in Figure 1E and Table 1 . Figure 1D and Materials and Methods). This reaction was then transformed into E. coli 114 and plasmid clones were screened by restriction enzyme digestion followed by sequencing. We 115 assembled nine vectors using the 4-cassette system and 32 of 46 (69.6%) of the plasmids 116 screened had the correct restriction digest pattern (Table 2) . Of the vectors with the correct 117 restriction digest pattern, 22 of 23 were correct based on Sanger sequencing analysis. Therefore, 118
the SapTrap method provides an efficient method for the assembly of MosSCI targeting vectors. 119 120
A collection of fluorescent ER and mitochondria strains 121
We used SapTrap-assembled MosSCI targeting vectors to generate a collection of 122 transgenic strains for analysis of endoplasmic reticulum and mitochondrial dynamics. We first 123 targeted GFP, mKate2, mScarlet, Dendra2 and HaloTag to the cytoplasmic face of the 124 mitochondrial outer membrane by fusing them to the carboxy terminus of TOMM-20. The 125 expression of these transgenes was controlled by the mex-5 promoter and by the pie-1 3'UTR, 126 which results in germline expression that increases around the bend of the adult hermaphrodite One of the advantages of the SapTrap approach is that it can be easily expanded to 141 include additional insert fragments to create more complex transgenes. To establish a five-142 cassette system, we used the cassettes 1, 2 and 4 from the four-cassette system and replaced 143 cassette 3 with cassettes 3A and 3B ( Figure 3A ). We used this approach to generate an internal SapI sites cannot be present within the donor cassette sequence. Gibson cloning also 170 allows the "scar-free" cloning of transgene vectors, but the specific cloning strategies must be 171 designed for each unique vector. While we have focused on generating transgenes expressed in 172 the hermaphrodite germline, the MosSCI targeting vector pXF87, the gene tag donor cassettes 173
and cloning approach described here should be readily adaptable to expressing transgenes in 174 other tissues. Donor cassette plasmids numbered pXF, pJF and pSM were generated by cloning PCR 212 products into the pCR BluntII vector backbone using the Zero Blunt™ Topo™ system (Thermo 213 Fisher Scientific). pSDH donor cassette plasmids were cloned by ligating PCR products into 214 pSDH76, a derivative of pCR BluntII containing two XcmI sites that generate T-overhangs 215 following digestion with XcmI. PCR primers for each plasmid are listed in Table 3 . pXF87 and 216 all donor plasmids were sequence verified. 217
To assemble HSP-70 (aa1-19) into the first cassette position of the expression vector 218 pXF108, 10mM of oligos XF17F and XF17R were gradually cooled from 95°C to 25°C in a 219 BioRad T1000 thermocycler. Annealed oligos were phosphorylated by T4 polynucleotide kinase 220 (NEB) for two hours at 37°C followed by 65°C for 20 minutes. The donor and primers plasmids 221 are listed in Tables 1 and 3, 
